Background-Determining anatomic sites and circumstances under which a fracture may be a consequence of osteoporosis is a topic of ongoing debate and controversy that is important to both clinicians and researchers.
Introduction
Based on current guidelines, a diagnosis of osteoporosis relies on a history of fragility fracture or the result of bone mineral density (BMD) evaluation. Determining anatomic sites and circumstances under which a fracture may be a consequence of osteoporosis has been a topic of ongoing controversy. Without an evidence-based consensus on what constitutes an osteoporosis-related fracture, the epidemiology and public health burden of osteoporosis cannot be accurately determined. In addition, the inconsistent use of the terms "fragility fracture" or "osteoporotic fracture" in clinical trials leads to varying reports of efficacy for osteoporosis therapies [1] [2] [3] . Past efforts to define the fractures that are most strongly associated with osteoporosis have utilized formal group processes during which experts reviewed available evidence [4, 5] . However, increasing data on fracture epidemiology and newer approaches to utilizing formal group processes to define consensus motivated a careful reconsideration of the attribution of specific fracture sites to osteoporosis [6, 7] . Most prior efforts to synthesize fracture literature have included only osteoporotic fractures at the typical sites (hip, spine, wrist, and humerus). Our approach sought to broaden the understanding of osteoporosis attribution at all fracture sites and to specify these fractures through the use of the International Classification of Diseases Clinical Modification (ICD-CM) fracture codes that are often used in epidemiologic studies to define events of interest.
There is a growing interest in the U.S. and other countries in using large administrative databases, such as Medicare data, to examine the epidemiology of osteoporosis and fractures [8] [9] [10] [11] [12] . These databases identify fractures based on ICD-CM diagnosis codes and Current Procedural Terminology (CPT) procedure codes. The relationship of these codes to osteoporosis is very useful to determine fracture epidemiology at a population level. These databases may be particularly helpful to study populations in which fracture epidemiology has been less well characterized, such as in non-Caucasians and older adults.
To assess the attribution to osteoporosis of fractures at different anatomic sites among persons with different osteoporosis risk factors, we used a modification of the Research and Development/University of California at Los Angeles (RAND/UCLA) Appropriateness Method [13] to assemble the published evidence for the relationship between osteoporosis and fractures at all anatomic sites. To allow our findings to be useful for future investigations using administrative databases, we further grouped fractures based on ICD-9-CM. A multidisciplinary expert panel used this evidence and their collective expertise to grade the strength of the association between osteoporosis and different fracture sites.
Methods

Overview
We systematically reviewed the relevant literature to formulate an evidence report containing tables summarizing the association with osteoporosis for each fracture type, stratified by key clinical risk factors (e.g. age, race/ethnicity, sex). We then convened a multi-disciplinary, eleven member panel with expertise in the fields of orthopedics, rheumatology, endocrinology, medical coding, bone pathology, and epidemiology (see Members of the Task Force Panel, listed above). The expert panel utilized the modified RAND/UCLA appropriateness process to provide an osteoporosis attribution grading for each fracture by anatomic site, administrative diagnosis code, and key risk factors, as depicted in Figure 1 . The panelists' fracture scores were based on their interpretation of the relevant literature that was provided to them in the evidence report and their existing knowledge.
Systematic Literature Review
To conduct the systematic review and develop the evidence report, we used PubMed restricted to English language articles with abstracts indicating the use of human subjects and retrieved articles published in the ten years from January 1, 1999 to February 13, 2008 . A meta-analysis published in 2000 was used as reference for earlier studies [14] . To identify articles linking osteoporosis with fractures overall and by particular anatomic site, we limited our search to the exploded Medical Subject Headings (MeSH) 'osteoporosis' and 'fracture'. The search strategy initially yielded 4,016 articles. Two reviewers (AW, NP) independently reviewed the abstracts of these articles and excluded 3,848 articles that were irrelevant to fracture epidemiology. We retrieved full text of the remaining 168 potentially relevant articles and excluded 100 additional articles for the same reason. The remaining 68 articles underwent detailed review and abstraction of data elements for an evidence report. The evidence report described the published estimates of fracture risk associated with osteoporosis for each anatomic bone site. As evidence that a fracture at a given site was most likely due to osteoporosis, we used an association with either low bone mineral density or a subsequent fracture. A summary of the data available in the current literature, which was provided to the expert panel members within an evidence report, is found in Appendix 1. Because of the possibility that some clinical risk factors might modify the relationship between having osteoporosis and sustaining a fracture, the evidence report also included estimates of the association of fractures with age, sex, race, trauma, glucocorticoid use, and chronic kidney disease.
Expert Panel Process using the RAND/UCLA appropriateness method-Our expert panel used the RAND/UCLA appropriateness method [13] , which includes elements of the nominal and Delphi methods [15] , to score the likelihood of fractures being due to osteoporosis. The expert panel voting process consisted of three separate meetings, including two internet-based conference calls and one face-to-face meeting.
The initial expert panel meeting included discussions of clinical risk factor strata for osteoporosis fractures among an older population, i.e. persons over the age of 65. The panel excluded fractures in persons with a concurrent diagnosis of Paget disease of bone, hyperparathyroidism, osteogenesis imperfecta, or osteomalacia. Following a presentation of the available evidence linking each osteoporosis risk factor with fracture risk, the expert panel ranked risk factors they wished to consider further in their deliberations. These clinical risk factors formed the voting strata for attributing fractures to osteoporosis.
Following the initial teleconference, the panel received a revised evidence report along with voting tables. The voting tables listed fractures by anatomic site and associated ICD-9-CM codes (Appendix 2). Use of the ICD-CM codes allowed for further specification regarding the site and type of fracture, i.e. open or closed, pathologic or traumatic. For each fracture site, and stratified by the 4 risk factor groups pre-specified by the panel (sex, age, race/ ethnicity, trauma), the panelists indicated fractures most likely to be osteoporosis-related voting along a 9-point Likert scale. On the Likert scale, a score of 1 indicated a fracture least likely to be osteoporosis-related and a score of 9 indicated a fracture most likely to be osteoporosis-related.
At a face-to-face expert panel meeting convened at the University of Alabama at Birmingham, and consistent with the RAND/UCLA method, the panel members reviewed a comparison of their first round votes with the panel's median scores and the range of the panelists' scores. Discussion focused on the fractures where there was a lack of agreement during the first round of voting. Lack of agreement was defined as more than two panelists voting 1, 2, or 3 for a fracture for which the panel's median score occurred in the 7, 8, or 9 range, or vice versa, as defined in the RAND/UCLA method [13] . To assist in further discussion, the panel defined key assumptions and operational definitions that could be applied to administrative data to identify fractures associated with severe trauma and "Malignancy-Related Fractures". In a third expert panel teleconference, panelists adjudicated areas of dissent and amended definitions and assumptions.
Source of Funding-This research was supported by a contract between the University of Alabama at Birmingham and Amgen, Inc. The analysis, presentation and interpretation of the results were solely the responsibility of the authors.
Results
The risk factors (and categories) determined by the expert panel included eight strata defined by: age (65-79 and ≥80 years), sex, race/ethnicity, and presence or absence of concurrent trauma. Race/ethnicity categories were limited to African American (AA) and Caucasian because of the relative paucity of literature on osteoporosis fracture risk in other racial/ ethnic populations.
The expert panel discussed fractures most likely due to severe trauma (i.e. high speed motor vehicle collision, injury from a projectile) and those that were "malignancy-related" ( Table  1 ). The panel determined that these categories of fractures should be excluded prior to consideration of the relationship between osteoporosis and fractures. In doing so, the panel agreed that all other fractures they considered were a result of low or moderate trauma and in the absence of malignancy. In defining malignancy-related fractures, the panel recognized that administrative codes for cancer diagnoses do not address the severity or stage of the cancer. Therefore, in order to improve the specificity of the definition used for malignancy, the panel recommended a malignancy-related fracture required a pathologic fracture and a malignancy code as well as a code for treatment of cancer, hospice referral, or death. Table 2 lists the key assumptions approved by the panelists that influenced subsequent voting.
During the first round of voting, 100 of the total 424 fracture sites within each clinical risk strata satisfied the criteria for agreement as determined by the RAND/UCLA appropriateness method [13] . After the panel discussed severe trauma and defined malignancy-associated fractures, there was much greater consensus on the likelihood of fractures being due to osteoporosis. Subsequently, in the second and third round of voting, all fracture sites met the criteria for agreement.
The expert panel's final osteoporosis attribution scores for fractures (stratified by ICD coding) are shown in Tables 3a (most likely due to osteoporosis) and 3b (least likely due to osteoporosis). The fractures ranked as most likely due to osteoporosis (Table 3a) (Table 3b ). Moreover, the panel concluded that fractures receiving the lowest attribution scores (1 to 3) were most likely due to severe trauma or cancer-related fractures. Fractures for which there was limited data to support or refute their linkage with osteoporosis received mid-range scores (4 to 6). 
Discussion
Using a systematic literature review and formal group process involving a multi-disciplinary expert panel, we developed osteoporosis attribution scores for all fracture sites and found that the most agreed upon sites for "osteoporosis-related fractures" were the vertebrae, femoral neck, and distal radius-ulna, as expected. However, we were also able to evaluate other fracture sites less commonly associated with osteoporosis and found that most fractures, even in the presence of moderate trauma, were attributed to osteoporosis, as corroborated by recent literature. In contrast, ethnicity/race and sex played a lesser role in determining if a fracture was osteoporosis-related. The likelihood of osteoporosis contributing to fractures of the humerus and femur increased as the fracture site became more distal in these bones and was greater in closed than in open fractures. Although closed fractures of the humerus were attributed to osteoporosis, the panel determined that open fractures of the proximal humerus were the fracture type least likely to be due to osteoporosis. This finding was consistent in all eight risk subpopulations and similar to closed fractures of the skull and face. The panel concluded that while certain open fractures of the long bones could occur with minimal to no trauma in older persons, an open fracture of the proximal humerus was very unlikely to occur without concurrent trauma.
This expert panel process differed in a number of important ways from a previous osteoporosis fracture attribution assessment by Melton and colleagues in 1997 [4] . We created an evidence report based on a systematic literature review of current fracture and osteoporosis data as the initial step in our RAND/UCLA appropriateness process. We identified 68 relevant papers published after a meta-analysis on the topic [14] , which was published in 1999. Within the evidence report, panel members had access to a summation of the available data linking fractures to osteoporosis through association with both BMD changes and a history of prior fracture. The evidence report also enabled our multidisciplinary panel to objectively assess literature relevant to osteoporosis demographic groups and other clinical risk factors most strongly associated with osteoporosis-related fractures at all fracture sites. The RAND/UCLA method is a validated technique that has diagnostic properties similar to many routine tests [16] . This method was initially developed in the 1980's to evaluate the "appropriateness" of various procedures used in medical practice [17] [18] [19] and has been used extensively to design guidelines and as support for decision making [16] . While different expert panels may reach slightly different sets of recommendations, the subsequent outcomes associated with this process varied minimally from group to group [20, 21] . The prior group process also used fracture incidence rates to guide their osteoporosis attribution probabilities [4] whereas our expert panel concluded that the absolute fracture incidence rate should have minimal influence on the determination of whether a fracture occurred due to osteoporosis. Because our results represent a continuum of fracture risk, we presented the RAND/UCLA score on an ordinal scale from 1 to 9. In contrast, the prior expert panel [4] used an attribution probability score for each risk group from which they developed mean attribution probabilities.
Administrative claims data are an important and growing resource to assess fracture burden at a population level and our administrative data based fracture definition provides a unique resource to assist in analyzing fracture epidemiology and outcomes. We also propose a standardized approach to group fracture types using administrative data and ICD-9-CM fracture codes. The fractures and the populations that were discussed in our panel meetings differed from the prior panel experience because we included fractures at all sites and our population was limited to persons over the age of 65.
Since the time that Melton and colleagues conducted their fracture attribution panel [4] , a significant amount of new data about osteoporosis and fracture risk has emerged. Recent data indicate that older adults who experience a fracture, regardless of the degree of trauma, have an increased risk of future fracture [22] . Major trauma fractures typically have been defined as fractures either due to events such motor vehicle crashes, injury due to fastmoving projectiles, or falls from greater than standing height (not including stairs). Lowertrauma fractures have been classically defined as fractures due to falls from standing height or less; falls on stairs, steps, or curbs; moderate trauma other than a fall (i.e., collisions with objects during normal activities); and minimal trauma other than a fall [22] [23] [24] [25] [26] . However, motor vehicle accidents, in particular, may vary greatly in speed, impact, and degree of injury. The expert panel recognized and discussed these findings in relation to fractures at all sites during the fracture attribution process.
The panel also addressed the controversy of how to identify fractures due to malignancy (e.g. pathologic fractures). Current medical record diagnostic coding practices do not provide a direct method for identifying malignancy-related fractures. Currently, ICD-9-CM coding guidelines define pathologic fractures as any fracture that occurs as the result of an event that conventionally would not lead to fracture in a healthy subject [27] . Based on this definition, all fractures considered osteoporotic could be coded as pathologic fractures and thus ICD-9-CM codes for pathologic fractures may not be particularly discriminating. In an effort to better define fractures due to malignancy, the expert panel created an operational definition. The malignancy-related fracture definition requires both a cancer diagnosis and a pathologic fracture code along with a code for a treatment, a hospice referral, or death. The expert panel determined that the requirements for this cancer definition would lead to greater specificity in the identification of true cancer-related fractures than would a simple requirement of any concurrent or past cancer diagnosis, because a history of cancer is common among the elderly.
Miscoding, which is a recurring problem in analyses of administrative data, is a potential limitation of our work, since we used fracture categories identified by standard diagnostic codes. Previous studies that evaluated coding practices showed that fractures were identified accurately compared with a gold standard of medical record review in 94% of cases [28] . However, fractures such as the ankle (misclassified as tibia/fibula) and femoral shaft (misclassified as hip) are sometimes miscoded [28] . The panel recognized the paucity of clinical information on the extent of trauma and the possibility that a fracture due to a malignancy would not be identified using administrative data and accounted for these uncertainties during the voting process. Additionally, the panel recognized that their administrative data definition for malignancy likely erred on the side of greater specificity at the expense of some sensitivity. The validity of this empiric definition will require testing in actual data sets.
In conclusion, we conducted a systematic review of the medical literature and convened a multi-disciplinary expert panel to attribute fracture sites with osteoporosis, specific to age, sex, and ethnic/racial groups. We used administrative codes to group the sites of fracture and included all fracture sites, rather than limiting the evaluation to a small number of fractures presumed to be related to osteoporosis. Our expert panel concluded that femoral neck, pathologic fractures of the vertebrae, lumbar and thoracic vertebral fractures, and distal radius fractures were most strongly attributable to osteoporosis in all risk factor groups. Conversely, the panel rated open fractures of the proximal humerus and closed fractures of the skull and facial bones as least likely due to osteoporosis. A revised consensus on the likelihood of fractures that are most strongly and least strongly associated with osteoporosis will help clinicians in weighing the likelihood of osteoporosis and the potential need for further testing and treatment in a patient with a recent fracture. These attribution ratings, in addition to the panel's assumptions and operational definition of fractures due to malignancy, will guide future epidemiologic studies of osteoporosis. 
2
The absolute fracture incidence rate (i.e. the number of fractures that occur at each fracture site in the various risk groups) had minimal influence on the determination of whether a fracture that had occurred was likely due to osteoporosis.
3
Phalanges were considered separate from carpal and tarsal bones.
4
Potential errors in fracture coding and classification at each fracture site were considered.
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TABLE 3
(a). Fractures (categorized as listed in ICD-CM codes) more likely to be due to osteoporosis and 3(b) fractures less likely to be due to osteoporosis listed by median score. 
